Introduction
============

Primary brain lymphoma is a rare central nervous system malignancy, and only accounts for 1.5% of all intracranial tumors ([@b1-ol-0-0-8404]). However, with the continuous development of medical technology in recent years, the widespread use of immunological agents and the maturity of organ transplantations have made patients prone to primary brain lymphoma due to immunodeficiency ([@b2-ol-0-0-8404],[@b3-ol-0-0-8404]). Ferreri *et al* ([@b4-ol-0-0-8404]) reported that the number of patients with primary brain lymphoma increased by 80,000 in 2000--2005 compared with that in 1990s. Nayak *et al* ([@b5-ol-0-0-8404]) also reported that the incidence of primary brain lymphoma showed an increasing trend, and it will become a type of malignant intracranial tumor with extremely high incidence in 2025. Clinically, prevention of primary brain lymphoma has become an extremely important issue ([@b6-ol-0-0-8404]). The universal treatment of intracranial tumors is 'early detection and early treatment', and the main clinical diagnosis methods are magnetic resonance imaging (MRI), and computed tomography (CT). Primary brain lymphoma show no obvious signs during the early stages, and specific imaging features are also lacking. Thus, early diagnosis is difficult ([@b7-ol-0-0-8404],[@b8-ol-0-0-8404]). Therefore, this study aimed to analyze the imaging diagnosis of MRI and CT for patients with primary brain lymphoma with an expectation of providing reference and guidance for the early diagnosis of patients with primary brain lymphoma.

Patients and methods
====================

### General information

A total of 230 patients with primary brain lymphoma admitted to People\'s Hospital of Rizhao (Rizhao, China) were selected from July, 2005 to December, 2016 into the study and their clinical data were analyzed retrospectively. There were 147 males and 83 females, with a mean age of 48.12±10.57 years. Among those patients, 87 patients were examined by CT, 74 patients by MRI, and 69 patients by both MRI and CT. Inclusion criteria: Patients with primary brain lymphoma confirmed by biopsy; patients with complete clinical record; patients willing to cooperate with researchers. Exclusion criteria: Patients combined with upper respiratory tract diseases; patients combined with lower gastrointestinal diseases; patients combined with cardiovascular diseases; patients transferred to other hospitals during treatment; patients with severe physical disability; patients treated with drugs prescribed by other hospitals. All patients signed written informed consent. The study was approved by the Ethics Committee of People\'s Hospital of Rizhao. Signed written informed consents were obtained from the patients and/or guardians.

### Instruments and methods

CT detector was a LightSpeed 16-slice spiral CT (GE Healthcare Life Sciences, Waukesha, WI, USA), and MRI detector was a Vision Plus 1.5T superconducting scanner (Siemens, Munich, Germany). All reagents used are original equipment supporting reagents. All patients who underwent CT were subjected to head plain scanning and enhanced CT scanning. Both T1W1 and T2W1 scanning were performed in MRI by using both selective echo (SE) and fast spin echo (FSE) imaging ([Table I](#tI-ol-0-0-8404){ref-type="table"} for parameter settings).

### Imaging analysis

Clinical data and pathological test results were used as gold standard to evaluate the accuracies of three methods. Imaging features of lesions in MRI and CT scanning were observed with a focus on the density, number and margins of lesions. All MRI and CT images were analyzed by four experienced imaging physicians through double-blind method, and clinical values were analyzed.

### Statistical analysis

SPSS 22.0 statistical software (IBM Corp., Armonk, NY, USA) was used for all statistical analyses. Enumeration data were expressed as rate, and comparisons among multiple groups were performed by Chi-square test. Sensitivity and specificity of diagnosis were analyzed by ROC curve.

Results
=======

### Clinical patient data

Comparison of clinical data showed that there were no significant differences in age, sex, ethnicity, marital status, living area, smoking index, alcohol consumption, exercise status, pathological stages and clinical symptoms among three groups (CT, MRI and CT combined with MRI; p\>0.05) ([Table II](#tII-ol-0-0-8404){ref-type="table"}).

### Imaging results

A total of 353 lesions were found in 230 primary brain lymphoma patients, and 224 lesions were single lesions, and 129 lesions were multiple lesions. Most lesions were on the upper curtain (81.3%, 187 cases) and 43 cases (18.7%) were on the lower curtain. Among those lesions, 20.4% (72 lesions) were located in the frontal lobes, 16.4% (58) in the temporal lobe, 25.5% (90) in the parietal lobe, 18.1% (64) in the occipital lobe, 15.3% (54) in the basal ganglia and 4.2% (15) in the cerebellum hemisphere. The average size of lesions was 2.8×3.0×3.0 cm, and most lesions were round or irregular shape.

### CT and MRI imaging results

A total of 92 lesions were found from 87 patients who underwent CT examination, and 27 lesions (29.3%) showed uniform density and 65 lesions (70.7%) showed high density. Lesions showed clear edges, with low-density edema around the tumor. All lesions showed enhanced signals after enhanced scan. A total of 81 lesions were found from 74 patients who underwent MRI examination. Results of plain scan showed that all lesions were in uniform state, all lesions showed low signal on T1WI, and 79.0% (64) lesions showed high signal on T2WI, and 20.2% ([@b17-ol-0-0-8404]) lesions showed no signal or equal signal. All lesions showed mild mass effect. After enhanced scan, 86.9% (73) lesions showed markedly uniform enhancement, 7.4% ([@b6-ol-0-0-8404]) showed uneven enhancement, and 2.5% ([@b2-ol-0-0-8404]) showed ependymal dissemination. No obvious cystic lesions, calcification or bleeding was found within the lesions.

### Diagnostic accuracy

Of the 87 patients who underwent CT examination, 72 cases of primary brain lymphoma were diagnosed, and the diagnostic accuracy was 82.8%. Of 74 patients with MRI examination, 62 cases were diagnosed, and the diagnostic accuracy was 83.8%. Of the 69 patients tested by MRI and CT, 62 cases were detected, and the diagnostic accuracy was 89.9%. Therefore, combined diagnosis showed highest accuracy (p\<0.05) ([Table III](#tIII-ol-0-0-8404){ref-type="table"}).

### ROC curve analysis

ROC curve analysis showed that the AUC of MRI was 0.726 (95% CI, 0.215--2.337); the AUC of CT was 0.785 (95% CI, 0.616--1.242), and the AUC of MRI combined with CT was 0.845 (95% CI, 0.145--4.632). Diagnostic sensitivity and specificity of MRI was 79.3 and 64.9%, respectively. Diagnostic sensitivity and specificity of CT was 75.5 and 67.4%, respectively. Diagnostic sensitivity and specificity of MRI combined with CT was 86.3 and 75.8%, respectively. The specificity and sensitivity of combined detection were both higher than CT or MRI alone (p\<0.05) ([Table IV](#tIV-ol-0-0-8404){ref-type="table"}; [Fig. 1](#f1-ol-0-0-8404){ref-type="fig"}).

Discussion
==========

Primary brain lymphoma is a lymphoma that occurs only in the central nervous system (intracranial) and is not commonly found in intracranial tumors due to its high requirement of conditions of occurrence and development ([@b2-ol-0-0-8404]). With the development of medical technology, all kinds of technologies that impair the function of the patient\'s body have been applied and the deterioration of the social environment has changed so that the immune function of the modern human body has plummeted ([@b9-ol-0-0-8404]). The development of primary brain lymphoma from mononuclear phagocyte system in the perivascular space is due to the lack of immune resistance in the body ([@b10-ol-0-0-8404],[@b11-ol-0-0-8404]). Therefore, in recent years, the incidence of primary brain lymphoma showed an increasing trend. Studies ([@b12-ol-0-0-8404]--[@b14-ol-0-0-8404]) have shown that the onset age of primary brain lymphoma is becoming increasingly younger, which needs additional attention in the clinic. Primary brain lymphoma at the early stages usually shows no obvious signs, and error diagnosis and misdiagnosis are common ([@b15-ol-0-0-8404]). Imaging is the most commonly used method for the clinical diagnosis of primary brain lymphoma. In this study, the imaging results of 230 patients with primary brain lymphoma were analyzed with an expectation of providing reference and guidance for the early diagnosis of patients with primary brain lymphoma.

In this study, 87 of 230 patients with primary brain lymphoma were examined by CT, 74 by MRI, and 69 by MRI and CT. There was no significant difference in general information among the three groups (p\>0.05). MRI and CT imaging results showed that primary brain lymphoma may occur in any part of the brain. Disease usually develops in the perivascular space between the mononuclear phagocyte system. So, more lesions were found in the intracranial upper curtain (frontal lobe and basal ganglia) than in lower curtain. In this study, the results of CT-examined lesions were mostly isodense or high-density nodules, suggesting that the arrangement of cells in primary brain lymphoma lesions usually shows dense network structure with very little interstitial water and high density of nuclear plasma, so X-ray absorption during the CT scan is quite large, and this was reflected in the imaging results. In MRI examination, imaging results were basically consistent with the relevant studies ([@b16-ol-0-0-8404]--[@b18-ol-0-0-8404]); T1W1 showed low signal; T2W2 mostly showed high signal and equal signal, which also proved that the primary brain lymphoma lesions usually showed fibrous mesh arrangment. Patrick and Mohile ([@b19-ol-0-0-8404]) suggested that primary brain lymphoma is a malignant tumor that is lesion-centered and destructive to the surrounding area. Therefore, enhanced imaging of MRI is often accompanied by significant enhancement. In this study, tumor scanning by enhanced CT and MRI showed enhanced signal, which supported the mass effects and invasive features of this disease. Therefore, early diagnosis and treatment is needed, in order to avoid the deterioration of primary brain lymphoma. For diagnosis results of CT combined with MRI, diagnosis of primary brain lymphoma is mainly based on meningioma-like melanoma signal. Mild edema, obvious mass effect and big tumor body all meet the imaging features of primary brain lymphoma. Therefore, mass effect may be an indicator of primary brain lymphoma. CT, MRI and combine diagnosis all achieved satisfactory diagnostic results, but are not enough for the qualitative diagnosis of primary brain lymphoma. Therefore, both clinical imaging results and pathological examination results should be used in the diagnosis.

In this study, 230 patients with primary brain lymphoma were studied, and the results of MRI and CT images were analyzed, but there are still some shortcomings. The sample size was small and experimental conditions were limited, and CT and MRI detectors may have differences in image results. We will improve those shortcomings in our future studies.

In conclusion, both CT and MRI can provide satisfactory diagnosis for primary brain lymphoma, but pathological examinations are always needed.
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###### 

Parameter settings for CT and MRI.

  Methods   Thickness (mm)   Layer interval (mm)
  --------- ---------------- ---------------------
  CT        10               10
  MRI       5                1

CT, computed tomography; MRI, magnetic resonance imaging.

###### 

Clinical patient data.

  Variables                        CT group (n=87)   MRI group (n=74)   MRI+CT group (n=69)   F-value   P-value
  -------------------------------- ----------------- ------------------ --------------------- --------- ---------
  Age (years)                                                                                 2.351     0.294
    \<45                           51 (58.6)         48 (64.9)          39 (56.5)                       
    ≥45                            36 (41.4)         26 (35.1)          30 (43.5)                       
  Sex                                                                                         3.250     0.348
    Male                           57 (65.5)         48 (64.9)          42 (60.9)                       
    Female                         30 (34.5)         26 (35.1)          27 (39.1)                       
  Ethnicity                                                                                   3.184     0.404
    Han                            81 (93.1)         70 (94.6)          62 (89.9)                       
    Others                         6 (6.9)           4 (5.4)            7 (10.1)                        
  Marital status                                                                              2.215     0.310
    Married                        75 (86.2)         61 (82.4)          55 (79.7)                       
    Unmarried                      9 (10.3)          10 (13.5)          11 (15.9)                       
    Widowed                        3 (3.4)           3 (4.1)            3 (4.3)                         
  Living area                                                                                 3.034     0.425
    Countryside                    59 (67.8)         47 (63.5)          41 (59.4)                       
    Urban area                     28 (32.2)         27 (36.5)          28 (40.6)                       
  Smoking index                                                                               3.076     0.352
    \<400                          45 (51.7)         39 (52.7)          33 (47.8)                       
    ≥400                           42 (48.3)         35 (47.3)          36 (52.2)                       
  Drinking                                                                                    2.585     0.316
    Do not drink or drink rarely   48 (55.2)         38 (51.4)          35 (50.7)                       
    Drink a lot                    39 (44.8)         36 (48.6)          34 (49.3)                       
  Exercise habits                                                                             2.489     0.259
    Yes                            31 (35.6)         30 (40.5)          26 (37.7)                       
    No                             56 (64.4)         44 (59.5)          43 (62.3)                       
  Pathological stages                                                                         3.167     0.317
    I--II                          44 (50.6)         39 (52.7)          35 (50.7)                       
    III--IV                        43 (49.4)         35 (47.3)          34 (49.3)                       
  Clinical symptoms                                                                           2.529     0.277
    Headache                       71 (81.6)         60 (81.1)          55 (79.7)                       
    Vomit                          66 (75.9)         52 (70.3)          46 (66.7)                       
    Intracranial hypertension      54 (62.1)         41 (55.4)          39 (56.5)                       
    Unresponsive                   71 (81.6)         65 (87.8)          61 (88.4)                       
    Abnormal behavior              43 (49.4)         30 (40.5)          29 (42.0)                       
    Sleepiness                     24 (27.6)         25 (33.8)          41 (59.4)                       
    Cranial nerve paralysis        39 (44.8)         29 (39.2)          29 (42.0)                       
    Aphasia                        56 (64.4)         48 (64.9)          48 (69.6)                       

CT, computed tomography; MRI, magnetic resonance imaging.

###### 

Diagnostic accuracy of three methods.

  Methods         Diagnosis (n)   Misdiagnosis (n)   Accuracy (%)
  --------------- --------------- ------------------ --------------
  MRI (n=74)      62              12                 83.8
  CT (n=87)       72              15                 82.8
  MRI+CT (n=69)   62              7                  89.9
  F-value                                            12.54
  P-value                                            0.036

CT, computed tomography; MRI, magnetic resonance imaging.

###### 

ROC curve analysis results.

  Methods   AUC     95% CI         Specificity (%)   Sensitivity (%)
  --------- ------- -------------- ----------------- -----------------
  MRI       0.726   0.215--2.337   79.3              64.9
  CT        0.785   0.616--1.242   75.5              67.4
  MRI+CT    0.845   0.145--4.632   86.3              75.8
  F-value                          11.69             12.94
  P-value                          0.045             0.027

CT, computed tomography; MRI, magnetic resonance imaging.
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